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A dose of proanthocyanidins with satiating properties proved to be able to limit body 24 weight increase several weeks after administration under exposure to a cafeteria diet. Here 25 we describe the molecular targets and the duration of the effects. We treated rats with 500 26 mg GSPE/kg BW for ten days. Seven or seventeen weeks after the last GSPE dose, while 27 animals were on cafeteria diet, we used RT-PCR to measure the mRNA of the key energy 28 metabolism enzymes from liver, adipose depots and muscle. We found that a reduction in fatty liver disease) and several types of cancer. 1 The causes of excessive body weight are 42 diverse, one of the most prevalent in developing and developed countries being excessive 43 or bad quality food intake 2 . 44 Proanthocyanidins (PACs) are a group of polyphenols that are widespread in nature (in 45 fruits, vegetables and their beverage products). They have been described as bioactive 46 agents against several unhealthy situations. More specifically, they have the well- 47 documented effect of limiting lipid accumulation and favouring lipid oxidation in the 48 organism 3 Their effect as specific inhibitors of fat digestion 4 and absorption. 5 Furthermore, 49 PACs favour lower RQ( Respiratory Quotient) 6 , 7 , due to a higher fat oxidation in liver and 50 muscle 6 . As they are a group of different compounds, some of the effects could be 51 explained by their interaction with molecules or structures located in the gastrointestinal 52 lumen 8 , 6 . They protect against cafeteria diet-induced damage to the intestinal barrier and 53 are anti-inflammatory agents. 9 However, the absorbable low-molecular weight flavanols 54 reach intracellular targets inside the body, where they act on different molecular targets 55 to induce increased energy expenditure, 3 and prevent cholesterol increase in the 56 organism 10 , acting as antihipertensives 10 , antioxidants 11 ) and maintaining glucose 57 homeostasis 12 . 58 The diversity of structures in proanthocyanidin-rich extracts and their interactions are 59 the reason why some of these effects are highly dependent on the dose used for the studies 60 and the physiological state of the animal 7 . Most studies prove that PACs correct cafeteria 61 diet-induced damage 13 , 14 . Some studies focus on their possible preventive role in obesity-62 related pathologies (that is, when they are administered from the beginning of obesogenic 63 diets) 15 . However, only very few studies have analysed their long-term effects after sub-64 chronic treatment 16 , 17 . We have recently attempted to determine the best moment to 65 administer GSPE (Grape seed proanthocyanidin extract) (500 mg/kg) so that it acts most 66 effectively against the damaging effects of an obesogenic diet such as the cafeteria diet 17 . 67 The results showed that PACs had a surprisingly long-lasting effect on body weight that 68 needed a more in-depth analysis. In the present study, we have further analysed the long- 
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(1) CAF-LC: rats receiving a GSPE preventive treatment 10 days before the 17-week 103 cafeteria intervention; (2) CAF-SC: rats receiving a GSPE preventive treatment for 10 days 104 together with a high fat/high sucrose diet followed by an 18-day chow diet (standard diet) 105 and then the 35-day cafeteria diet; GSPE: grape seed proanthocyanidin extract 
Results
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Sub-chronic treatment with GSPE reduces food intake in rats on a palatable diet 154 In previous studies we used a GSPE dose that has satiating properties in animals on a chow 155 diet. 7,23 Here, we reproduce this effect in animals with an enhanced appetite because they 156 were offered a tasty diet. Figure 1a shows a 10% reduction in the total food intake of the 157 healthy females while they were treated with GSPE. Table 1 shows that this reduction was 158 due to the amount of hypercaloric emulsion ingested. We have shown that a 10-day pre-treatment with GSPE followed by a cafeteria diet led to 192 a reduction in adiposity and RQ 17 after 53 days. which facilitates the efflux of glycerol from the cell. Figure 2 shows that the amount of Lpl 222 in the mesenteric depot was highly reduced, as was the amount of Aq7. There were no 223 statistically significant differences for the fatty acid transporter (Cd36). Plasma ketone bodies were not significantly modified (control: 4.14 ± 0.35; GSPE: 3.89 ± 257 0.56; mM), so we measured the extent to which they could be oxidized by muscle. Figure   258 3b shows a strong significant increase in Oxct1(3-oxoacid CoA transferase 1) due to GSPE 259 treatment, concomitantly with a tendency to increased Cpt1b, which suggests that ketone 260 bodies and fatty acids are the energy source in the muscle.
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Hormonal status of GSPE-treated rats after the short-cafeteria study 263 We next analysed the effects of GSPE on key hormones for the regulation of energetic 264 homeostasis 7 weeks after finishing the GSPE treatment.
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In pancreas, GSPE pre-treatment did not change insulin mRNA levels ( Table 3 . Effects of GSPE on liver seventeen weeks after treatment (long cafeteria study) 285 Liver samples were obtained at the end of the treatment. RT-PCR was used for each gene.
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The T test was used to determine statistical differences highlighted as *p<0.05 vs Cafeteria Grape-seed derived proanthocyanidins have been extensively studied, but few studies use 297 doses that are higher than can be provided by standard food ingestion but which may be 298 interesting for a potential functional food. We showed that a dose of 0.5 g GSPE/kg bw has 299 satiating properties in healthy rats 7 and limits adipose accumulation induced by a cafeteria 300 diet. 17 We have also shown that GSPE maintains some of its antiobesogenic effects for a 301 long period after GSPE administration finishes. In the present study, we analysed the 302 mechanisms that explain this. We show that GSPE limits adipose fat pad accumulation until 303 seven weeks after the last GSPE administration due to an inhibition in the adipose tissue 304
Lpl. An increase in fatty acid oxidation in liver and muscle compensates for the inability of 305 fatty acids to accumulate in WAT. 306 First, we show that GSPE also inhibits food intake if the diet is a tasty one (energy dense).
307
During the ten-day GSPE treatment, animals reduced energy intake by 10% in comparison 308 to the control group. Furthermore, these rats gained 30% less weight than the control 309 (cafeteria) group. 17 These results confirm that GSPE effects on food intake are additive to 310 slimming effects because the lipid oxidation of GSPE is activated. 7 In our short-term 311 experiment, after GSPE intake, animals changed to a chow diet, and showed no changes in 312 body weight accrual. Unexpectedly, when the rats were again fed a cafeteria diet (still 313 without GSPE), the differences in body weight reappeared. miR-483, which we showed is down-regulated by GSPE treatment in rat pancreatic islets, 391 has been related to the optimum equilibrium between -cells and -cells (that is, its 392 upregulation leads to increased insulin production and decreased glucagon synthesis). 42 393 Therefore, our results also point to epigenetic changes in pancreas, which will need to be 394 addressed in future work. 
